The positive effects of physical and sports therapy for strain dependent physical practice and improved quality of life (QoL) are well known. Nevertheless, the available capacities and problem-oriented therapies in the setting of hematopoietic stem cell transplantation (HSCT) are limited. We conducted a prospective, randomized study among 42 HSCT recipients in order to investigate the influence of exergaming on Nintendo Wii ® or classical physiotherapy (PT) on physical fitness and psychological well-being. The trial included evaluation of muscle strength, endurance, physical activity, distress, QoL, anxiety, and depression. Within the first 2 weeks after HSCT endurance, muscle strength and physical well-being decreased, while the value of distress increased significantly in both groups. However, exergaming on Nintendo Wii ® resulted in a decrease of anxiety and depression and improved emotional well-being, while the PT group showed a contrariwise pattern of these features. Analysis of the FACT-BMT revealed a decline of QoL domains 2 and 4 weeks after HSCT and an improvement afterwards. The decrease of functional status after HSCT was accompanied by a drop of QoL and an increase of distress in both groups. However, our prospective study demonstrates that exergaming using the Nintendo Wii ® is feasible and well tolerated in HSCT recipients.
Introduction
Hematopoietic stem cell transplantation (HSCT) may lead to a profound and lasting decrease of physical fitness and psychological well-being. Isolation and bed rest promote a loss of muscle mass as well as cardiorespiratory fitness and accelerate the downward spiral of cancer-related fatigue. In addition, cytotoxic agents can cause impaired muscle energy synthesis, and the increased cytokine release may potentiate muscle degradation [1, 2] .
However, several studies report positive effects of exercise interventions on physical performance and psychological well-being in patients undergoing HSCT [3] [4] [5] . In a meta-analysis beneficial effects of exercise interventions compared to usual care on physical fitness, fatigue, and quality of live (QoL) in patients treated with HSCT were reported [6] . Additionally, exercise interventions lower the duration of neutropenia, hospitalization days [7] , and seem to play a role in immune system recovery [8] .
Despite the promising effects of exercise in the setting of HSCT, the type as well as the timing of exercise intervention is still debatable. A relatively new and more enjoyable alternative to traditional physiotherapy (PT) is exergaming. It is defined as a multimedia sensor-based and motioncontrolled computer-gaming technology. The broad variety of exergaming ranges from interactive aerobic fitness and dance simulation games over interactive cycling games to isometric resistance games. Compared to conventional exercise therapy it leads to superior flow experience on several dimensions [9] . Several studies substantiated positive effects of exergaming on physical performance, e.g., for patients with neurological disability [10] . Additionally, a small study among elderly patients with hematological malignancies reported on the feasibility, safety, and efficacy of a motion-controlled gaming using the Nintendo Wii Fit ® [11] . Here we report for the first time results of a prospective, randomized study comparing a multimedia sensor-based practice with a classical physiotherapeutic treatment in adult HSCT recipients. The study was conducted to investigate the feasibility of exergaming in the setting of HSCT and to measure whether patients receiving HSCT would be willing and able to participate in such a new intervention.
Methods

Patients
The study was reviewed and approved by an Institutional Review Board. Inclusion criteria were age ≥18 years, the ability to read and speak German, and cognitive ability to comprehend the study. Exclusion criteria were lack of compliance as well as inter-current diseases (like pulmonary and cardiac insufficiency or uncontrolled infections), which were regarded as contraindications for the performance tests. Participation in the study was stopped in the presence of poor general condition (Karnofsky Index <30%) or withdrawal of the consent.
In all, 49 patients receiving HSCT for hematologic malignancies were screened. Patients meeting the inclusion criteria were included in the study after providing informed consent and randomized into the control group receiving physiotherapeutic treatment (PT; n = 23) or the experimental group exercising on the Nintendo Wii ® (n = 19). Enrollment occurred between day of admission and at least 3 days prior of HSCT (day 0).
Data collection instruments and methods
The prospective, randomized study used a repeatedmeasures design to assess changes in muscle strength, endurance, physical fitness, QoL, distress, anxiety, and depression in patients undergoing HSCT. All tests and questionnaires (except the human activity profile and the short-form-36 health survey (SF-36)) were assessed at the date of hospital admission (T1), 14 days (T2), and 30 days after HSCT (T3). In addition, the survey with questionnaires was repeated on day 100 after HSCT (T4). The exercises were administered in individual sessions and both groups performed the exercises under the supervision of a physiotherapist. Exercise therapy was performed on 5 days a week. The mean training time per session was 30 min per day. The PT program consisted of eccentric and concentric movements in bed, transfer from supine position to standing up, as well as walking, stepping or treadmill walking, stretching, and strength training using elastic resistance bands (Thera-Band ® ) and body weight for resistance. The Nintendo Wii ® group used the Wii-Sports, Wii Fit program, and Wii-Balance board for exercising pingpong, tennis, boxing, frisbee, or aerobics, and training of balance. Of note, while PT could also be practised in bed using less-challenging exercises according to the current state of health of the patient, the Wii training required the ability of participants to stand and to perform exercises while standing.
The endurance was assessed by treadmill and the 2 min walking distance test (2MWT) [12] . The isometric grip strength was measured using a hand-held dynamometer in a hand with the elbow at 90°flexion and with the arm and wrist in neutral position as described previously [13] . Measurements were performed in kilogram with subject's dominant and non-dominant hand, averaged across three repeated measures. Patients of both groups completed different questionnaires assessing energy expenditure or physical fitness (Human Activity Profile, HAP) [13, 14] , health-related quality of life (Functional Assessment of Cancer Therapy-Bone Marrow Transplantation (FACT-BMT) and SF-36) [15, 16] , anxiety and depression (Hospital Anxiety and Depression Scale, HADS-D) [17, 18] , and distress (distress thermometer) [19, 20] at T1-T4. Questionnaires were completed by the participants independently and without supervision. Furthermore, demographic data and medical records as well as the experience with the intervention strategy were captured.
Statistical analysis and power calculations
Using complete case analysis, statistical analysis was based on 31 patients for physical performance tests (except treadmill intervention n = 27) and 42 patients for the surveys. Data were analyzed with the Statistical Package for Social Sciences version 22 (Inc., Chicago, IL) and checked for normal distribution and homogeneity of variance prior to analysis. For all measurement results the differences and their significance between the assigned times within both groups were calculated by using Wilcoxon-test or paired t-test.
Study results were completed by analyzing power post hoc for the end point "endurance in watt". The power analysis was performed using nQuery7.0 ® , Statistical Solutions Ltd., Boston, USA, module MTE0U: two-group one-sided t-test of equiv. in means for unequal n's.
Results
Patient characteristics
In all, 42 patients met the inclusion criteria and agreed to participate. Reasons for not participating were contraindications during medical checkup (n = 5) or lack of interest (n = 2). The patient characteristic of each group is given in Table 1 .
While all 42 patients filled in the surveys, only 31 of 42 (74%) patients absolved the performance tests at each date of assessment (T1-T3). One patient dropped out between T1 and T2 due to medical problems. Ten patients refused further participation in performance tests after T2 due to discharge from hospital. Of the 31 patients, 14 patients (median age 54 (21-65) years) were in the Wii group and 17 patients (median age: 52 (43-68) years) joined the PT group.
Seventy-four percent (14/19) of patients were inexperienced on exergaming with the Nintendo Wii ® . However, 90% (17/19) of patients quoted that the handling was simple and easy to learn. Exergaming was funny for 84% (16/19) of patients and an acceptable diversion from day-to-day routine in the hospital.
Two minute walking test
The mean endurance capacity measured by a 2MWT dropped down significantly in both groups at T2 and increased 2 weeks later as follows (T1/T2 
Treadmill intervention
Fourteen patients of the PT group and 13 patients of the Wii group participated in treadmill intervention. In the PT group treadmill intervention showed a mean performance at T1/ T2/T3 of 80/68/77 W, and 106/85/92 W in the Wii group, respectively. The decrease from admission (T1) to T2 was significant in both groups (PT group p = 0.002, Wii group p = 0.008) as well as from T1 to T3 in the Wii group (p = 0.035).
To account for the difference in baseline between Wii group and PT group, we considered the changes of endurance from baseline to T2 (−21.2 and −12.5) and T3 (−13.5 and −3.6), respectively, rather than group means on T2/T3 to show that Wii is non-inferior to standard therapy. Here we observed 22% power for d14 and 28% power for d30, respectively.
Grip strength test
The results of grip strength of both hands measured by a hand-held dynamometer are shown in Table 2 . The hand HSCT hematopoietic stem cell transplantation, AML acute myeloid leukemia, MDS myelodysplastic syndrome, NHL non-Hodgkinlymphoma, CML chronic myelocytic leukemia, CLL chronic lymphocytic leukemia 
Distress thermometer
The level of distress at T1 was comparable between both groups (PT group, 4.61; Wii group, 4.68) and increased above the cutoff level of 5 at T2 (PT group, 5.55, p = 0.294; Wii group, 6.18 p = 0.002). In the PT group it rather rose at T3 to 5.75 points, while it decreased in the Wii group to 5.07 points. At T4 the level of distress decreased in both groups (PT group, 5.00; Wii group, 3.41). However, the distress dropped only in the Wii group below the cutoff level of 5 as well as below the starting value of T1. The decrease between T2 and T4 in the Wii group was significant (p = 0.001), while no significant differences were observed in the PT group.
Hospital Anxiety and Depression Scale
The increase of distress from T1 to T2 was accompanied by an increase of anxiety (mean value: 5.9-6.4, p = 0.705) in the PT group, while it decreased in the Wii group (mean value: 5.8-4.4, p = 0.087; Fig. 1a ). Although the mean value of anxiety was comparable between both groups at T1 it decreased only in the intervention group and stayed below the PT group over the whole follow-up period after HSCT. At T1 the depressive feature (Fig. 1b) tended to be lower in the PT group (4.9) than that in the intervention group (5.5). However, at T2 it increased in the PT group (6.5 T2, p = 0.003) and decreased in the Wii group (4.3, p = 0.200). Afterwards the mean depressive value dropped on T3 (5.4) and T4 (5.7) (T2-T3 p = 0.014; T2-T4 p = 0.029) in the PT group. At T4 the mean value of depression (3.8) ranged significantly below the baseline at T1 (p = 0.018) in the Wii group.
Functional Assessment of Cancer Therapy-Bone Marrow Transplantation
The results of the FACT-BMT are presented in Table 3a . Physical well-being (PWB) dropped significantly on T2 (PT p = 0.015; Wii p = 0.019) and increased thereafter significantly from T2 to T4 within both groups (p = 0.001). In addition, exercising on the Nintendo Wii ® lead to a significant improvement of PWB between T1 and T4 (p = 0.028).
Patients receiving Wii training mainly had slightly higher results for emotional well-being (EWB) at all times than patients receiving PT. The score of EWB in the Wii group gained over time, with an increase of 4.75% between T1 and T4 (p = 0.015) and dropped in the PT group by 5.96% (p = 0.732).
Social well-being showed the highest mean score at all times, without any difference between both groups. Functional well-being (FWB) was the domain with the lowest score in both groups. However, the FWB in the Wii group increased significantly between T3 and T4 (p = 0.038) and The score of the bone marrow transplant subscale (BMTS) dropped in both groups at T2 (PT p = 0.041; Wii p = 0.100) and increased between T1 and T4 by 0.1% in the PT group (p = 0.806) and 3.46% in the intervention group (p = 0.247). The higher scores on the BMTS in the Wii group reflect relatively better QoL.
The Wii group reached better results for all three total scores (FACT-general, FACT-BMT total, and FACT-BMT trial outcome index) than the PT group on all dates.
Short-form-36 health survey (SF-36)
The results of the SF-36 are presented in Table 3b . In general, for most domains as well as for the mental health component and the physical health component summary scores the PT group reached lower scores compared to the Wii group. The only exception was physical functioning with comparable results between both groups at T1 (57.61 in the PT group and 57.37 in the Wii group). At T4 physical functioning remained stable in the PT group (57.14) but increased in the Wii group (68.53). The increase in physical functioning was accompanied by a significant increase in vitality in the Wii group (52.63 at T1 to 61.47 at T4, p = 0.032), an increased score of social functioning (from 67.11 to 75.74, p = 0.079) and mental health (72.2 to 78.1, p = 0.206). In the PT group vitality increased slightly from 43.91 to 48.33 (p = 0.086) and social functioning from 62.50 to 67.86 (p = 0.198), respectively. The value of mental health in the PT group remained stable (p = 0.949).
Discussion
HSCT recipients tend to be poorly conditioned with further declines of functional ability and well-being in the FACT-BMT  T1  T2  T3  T4  T1  T2  T3 immediate phase after HSCT. However, the loss of condition can be mitigated by participating in exercise training [3, 7, [21] [22] [23] . A promising new alternative to PT is exergaming. The randomized study sought to explore the feasibility of exergaming in comparison to classical PT in the setting of HSCT. The use of the Nintendo Wii ® gaming console was evaluated positively.
Patients of both groups experienced a physical and functional deterioration after HSCT. The physical wellbeing captured by FACT-BMT dropped significantly from T1 to T2. This was accompanied by a significant decrease of endurance as measured by treadmill intervention and 2MWT. The results correspond to recent findings reporting on a decrease in submaximal endurance performance of 24% in the group receiving standard PT over the transplant course [22] . In addition, muscle strength measured by hand grip strength showed the same course as the endurance. A significant decrease of hand grip strength in patients undergoing HSCT was reported [13, 24] .
The experience of a life-threatening situation as well as uncertainties about the success of HSCT may promote the development of psychosocial distress and deteriorations in QoL. Here we could demonstrate an increase of distress within the first 2 weeks after HSCT in both groups, which is in line with a previous report [25] . Global distress improved 10 weeks later, but dropped only in the Wii group below the cutoff level as well as the starting value. A lower global distress in the exercise group at discharge from hospital was reported, but in contrast to reduced distress anxiety was higher [4] . In our analysis anxiety increased only in the PT group, while exergaming had a positive effect of mood, although the values of anxiety and depression stayed below the cutoff level in both groups at all times of measure. When comparing the changes in depressive feature from hospital admission to day 100 after HSCT, we observed a significant decrease in the Wii group. This is of interest, since exergaming may help to lose time awareness and promote distraction from the daily hospital routine. Following this line of arguments a previous study indicated an improved mood state from the game sessions in a study of the use of the Nintendo Wii ® game console in adult patients with cancer [26] .
In general, exercise has a favorable effect on physical fitness, fatigue, and QoL when compared to usual care [6] . Exergaming is capable of eliciting physical activity intensity similar to that of moderate exercise [27] . With regard to the HAP [13] we could not distinguish any significant difference between both groups over time, but the AAS and HSCT-adjusted AAS increased in the exergaming group and dropped after classical PT. Furthermore, physical functioning as measured by SF-36 increased only in the Wii group and remained stable in the PT group. This was accompanied by a significant increase of vitality in the exergaming group.
Compared with PT the multimedia sensor-based practice is more enjoyable and resulted in signs of immersion and flow like state. Higher scores of flow experience were achieved in a cohort of patients with multiple sclerosis using the Nintendo Wii Fit ® when compared to traditional balance training [9] . A higher attainable focus, a clear immediate feedback, higher involvements in the task, and altered perception of time were reported [9] . So they assumed an important psychological property of exergaming technology. In addition, we believe that exergaming may help to overcome the barriers like lack of compliance and motivation especially in the cohort of adolescents and may reduce the feeling of loneliness and social isolation since gaming activities can be easily integrated with peers and families.
Strengths of this study are the randomized trial design and the multimodal approach in assessing outcome. The main limitation of the pilot study is represented by the small sample size. Thus, the probability for showing the assumed non-inferiority of mean Wii endurance compared to standard PT in our study was weak. Further limitations are the joint inclusion of autologous and allogeneic patients and a gender imbalance between both groups. Thus, the results need to be confirmed in a larger multicenter study with a longer follow-up. However, to the best of our knowledge, this is the first study comparing a multimedia sensor-based practice using the Nintendo Wii ® with a classical physiotherapeutic treatment in adult HSCT recipients.
In conclusion, our prospective study demonstrates that exergaming using the Nintendo Wii ® is efficacious, enjoyable, and well tolerated. Since it was an acceptable diversion from day-to-day routine in the setting of HSCT and can be continued even in patients with physical disability, we are convinced that exergaming is a useful supplement to conventional PT, which can be easily integrated into the supportive medical care.
